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ABSTRACT 



The present invention provides an efficient way to imple- 
ment ADSL over long distances by combining a repeater for 
ADSL with a pair gain system, whereby the pair gain system 
remotely provides DC power to the repeater over the same 
pair as that for transmission of DSL and ADSL signals. The 
invention allows telecom operators to save huge costs in 
implementing ADSL over long distances, without sacrificing 
the quality of signal transmission. According to an embodi- 
ment of the invention, a telecommunication system com- 
prises a central office system, a customer premise system 
and a repeater unit. The central office system provides and 
receives digital subscriber tine (DSL) and asymmetrical 
DSL (ADSL) signals over a first pair of wires. The central 
office system also provides DC power to the repeater unit via 
the first pair. The customer premise system receives and 
sends DSL and ADSL signals over a second pair of wires. 
The repeater unit is coupled between the first and second 
pairs of wires for receiving an ADSL signal from the central 
office system via the first pair and providing a repeated 
ADSL signal to the customer premise system via the second 
pair. The repeater unit also receives an ADSL signal from the 
customer premise system via the second pair and provides a 
repeated ADSL signal to the central office system via the first 
pair. 

20 Claims, 4 Drawing Sheets 



12 



TELEPHONE 
EXCHANGE 



CENTRAL OFFICE 
U 



L2 



COT 

T7 5 



SPLITTER 



ADSL 
DSLAM 



-Iff 



JO 



70- 



LOOP 
FEEDER 



2\' 



BAND PASS 
FILTER 



-72 



J- 



56 



-80 



HIGH PASS 
FILTER 



54 



LOW PASS 
FILTER 
T7 



ADSL 

REPEA TER 



POWER SUPPLY 
AND 

REGENERATION 
CIRCUIT 



HIGH PASS 
FILTER 



LOW PASS 
FILTER 



<86 



-74 



20- 



LOOP 

DISTRIBUTION 



32- 



CUSTOMER PREMISE 



s 

SPLITTER 


r 


RT 


11 
L2 












^35 


ATM 25/ 




ADSL 






ADSL 




ETHERNET 










MODEM 


~^36 



07/01/2004, EAST Version: 1.4.1 



U.S. Patent May 22, 2001 Sheet 1 of 4 US 6,236,664 Bl 




qQ:Uj 



07/01/2004, EAST Version: 1.4.1 



U.S. Patent May 22, 2001 Sheet 2 of 4 US 6,236,664 Bl 




9 

EC 



2 



LEPHONE 
CHANGE 








Q to 













07/01/2004, EAST Version: 1.4.1 



U.S. Patent May 22, 2001 Sheet 3 of 4 



US 6,236,664 Bl 



TO HIGH 
PASS FIL TER 



T 



56 



FROM LOW 
PASS FILTER 



54 



ADSL 

TRANSCEIVER 



62 



ADSL 

TRANSCEIVE R 
64~3 



66 



68 



REPEA TER 
POWER SUPPL Y 



CONTROLLER 



TO HIGH 
PASS FILTER 



T 



58 



■60 



FIG. 3 



TO HIGH 
PASS FILTER 



56 



FROM LOW 
PASS FILTER 



54 



62 



86 



ADSL 

TRANSCEIVER 



ADSL 

TRANSCEIVER 
J 



64 



0. 



68- 



POWER SUPPLY 
AND 

REGENERA TION 
CIRCUIT 



CONTROLLER 



TO HIGH 
PASS FIL TER 



58 



TO LOW 
PASS FIL TER 



FIG. 5 



07/01/2004, EAST Version: 1.4.1 



U.S. Patent May 22, 2001 Sheet 4 of 4 US 6,236,664 Bl 




07/01/2004, EAST Version: 1.4.1 



US 6,2: 

1 

PAIR GAIN SYSTEM WITH AN ADSL 
REPEATER UNIT 

BACKGROUND OF THE INVENTION 

The invention relates generally to telecommunication 
systems, and more particularly to ADSL (Asymmetrical 
Digital Subscriber Line) transmission systems in access 
network. 

Telephone customers are moving in an evolutionary way 
to higher bandwidths, from sharing POTS (Plain Old Tele- 
phone Service) and modem on one line to dedicated analog 
modem line at 56 kbps (kilo-bits per second) and to ISDN 
BA (Basic Access). Now, ADSL has been introduced and 
become proven technology. ADSL refers to a high-speed 
transmission technology using existing twisted pair of wires 
that permits simultaneous POTS and high-speed data com- 
munication. Generally, a higher data rate is employed down- 
stream than upstream. Ordinary twisted pair equipped with 
ADSL modems can transmit movies, television, dense 
graphics, and very high speed data. For all its capacity, 
ADSL leaves POTS undisturbed. A single ADSL line there- 
fore offers simultaneous channels for personal computers, 
televisions, and telephones. With ADSL, telephone compa- 
nies can connect homes and businesses to exciting new 
interactive broadband services. 

The ADSL services are different from ISDN services. 
ISDN provides two 64 kbps channels for voice or data, while 
ADSL is predominantly a data pipe providing an asymmetri- 
cal bandwidth of up to 9 Mbps downstream and 800 kbps 
upstream. The customers for ADSL most likely already have 
a dedicated modem line or ISDN. 

FIG. 1 shows a conventional way of implementing ADSL 
over a pair gain system. A pair gain system is a system which 
typically includes a central office terminal (COT) located in 
a central office (CO) of a telephone company and a remote 
terminal (RT) located in a customer premises. The COT may 
have two or more line cards, each for connecting to a pair of 
wires from a telephone exchange in the CO. The COT of a 
pair gain system multiplexes signals received from the 
multiple pairs connected to its line cards, over a single pair 
connecting between the COT and the RT of the pair gain 
system. The COT also demultiplexes signals received from 
the RT via the single pair and provides them to the telephone 
exchange via the multiple pairs connected to its line cards. 
The RT demultiplexes signals received from the single pair 
and provides them to a subscriber at the customer premises 
over the same number of pairs. The RT also multiplexes 
signals received from the multiple pairs at the customer 
premises, over the single pair connecting to the COT. Thus, 
a pair gain system allows a subscriber at the customer 
premises to have two or more telephone lines without 
requiring the expense of installing additional pairs between 
the CO and the customer premises. An example of a pair 
gain system is the Miniplex® 2N1, which multiplexes two 
pairs over a single pair. Miniplex® 2N1 is commercially 
available from Raychem Corporation, Menlo Park, Calif. 

As illustrated in FIG. 1, at a CO 10 of a telephone 
company, a telephone exchange 12 provides two analog 
POTS lines LI and 12 in the form of two twisted pairs of 
wires to a COT 15 of a pair gain system. COT 15 multiplexes 
LI and L2 over a single twisted pair 13 and converts the 
analog signals from LI and L2 into DSL (Digital Subscriber 
Line) signals, such as ISDN signals, on pair 13. An ADSL 
DSLAM (DSL Access Multiplexer) 18 receives broadband 
data from the Internet, for example and provides high-speed 
data transmission in the form of ADSL signals. The DSL and 
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ADSL signals provided respectively from COT 15 and 
ADSL DSLAM 18 are fed to splitter 16. Splitter 16 com- 
bines the DSL and ADSL signals for transmission to a 
customer premises 20 over a single twisted pair 19. Splitter 
5 16 also receives the DSL signals and ADSL signals from 
splitter 32 and separates the DSL signal from the ADSL 
signal for transmission to COT 15 and ADSL DSLAM 18, 
respectively. 

At customer premises 20, splitter 32 separates the DSL 

10 signal from the ADSL signal. The DSL signal is provided, 
via a pair 33, to a RT 34 of the pair gain system, which 
demultiplexes the DSL signal into analog signals on two 
analog POTS lines LI and L2. Each of lines LI and L2 at 
customer premises 20 is for connecting to a telecommuni- 

15 cation device (not shown), such as a telephone or a fax 
machine. The ADSL signal is provided to an ADSL modem 
36, which is connected to either ATM 25 (asynchronous 
transfer mode 25 Mbps) or Ethernet. RT 34 also multiplexes 
analog signals from analog lines LI and L2 into a DSL 

20 signal over pair 33 for transmission to CO 10. Splitter 32 
also receives DSL and ADSL signals from RT 34 and ADSL 
modem 36 respectively, and combines them for transmission 
to CO 10 over twisted pair 19. In the case of implementing 
ADSL over ISDN BA (basic access), an ISDN NT1 

25 (network termination 1) can be used as RT 34. 

One of the main limitations of ADSL is the loop length 
which is the distance between the CO or DSLAM and the 
customer premises. For service with a downstream speed of 
5 to 6 Mbps (mega-bits per second), the loop length is 

30 limited to less than 12 kft, in order not to sacrifice the 
transmission quality. At the present time, telecom operators 
use very conservative installation rules to ensure that the 
service will always be properly delivered. However, they 
will soon receive requests for service from people living 

35 farther away from the central office where a DSLAM is 
located. At present, it is estimated that about 60% of the 
subscribers can be potentially reached and receive high- 
speed data services. This leaves the other 40% with only 
low-speed data services, 

Of course, there are several solutions for delivering high 
bandwidth services over longer distances (e.g. fiber optics). 
One solution is the use of a repeater for the ADSL signal. 
However, ADSL repeaters face a specific issue with power 

45 feeding as the ADSL signal is usually transmitted simulta- 
neously with POTS on a copper pair. In order that a repeater 
be practical in the field, it will need to receive remote power 
feeding. This is very difficult and may be impossible if 
ADSL is implemented with POTS on the same copper pair. 

50 An easy solution is to run POTS and ADSL on different 
pairs. Several POTS fines can be multiplexed over one 
copper pair using subscriber tine multiplexers. The copper 
pair used for ADSL can carry a DC current for remote power 
feeding an ADSL repeater. However in this case telecom 

5S operators must install two copper pairs in order to provide 
one or more POTS lines and an ADSL. Therefore, substan- 
tial additional expenses will be incurred by telecom opera- 
tors for installing a second copper pair whenever ADSL 
service is requested to be delivered over longer distances. 

60 Accordingly, there is a need for implementing ADSL over 
POTS over longer distances without requiring an additional 
copper pair for transmitting an ADSL signal along with a DC 
current to a customer premises. 

SUMMARY OF THE INVENTION 

The present invention provides an efficient way to trans- 
mit ADSL and multiple POTS signals over long distances by 
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combining a repeater for ADSL with a pair gain system, a first high pass filter, coupled between the first pair of 

whereby the pair gain system remotely provides DC power wires and the ADSL repeater, for allowing only the 

to the repeater over the same pair as that for transmission of ADSL signal to pass through; and a second high pass 

DSL and ADSL signals. fil ter> coupled between the ADSL repeater and the 

According to one embodiment of the invention, a tele- 5 second pair of wires, for allowing only the ADSL signal 

communication system is provided. The telecommunication to pass through. 

system comprises a first transmission/receiving system, Accordingly, the present invention allows telecom opera- 
located at a first location, that provides and receives a first tors to save huge costs in implementing ADSL over long 
type of signal in a first frequency spectrum and a second type distances, without sacrificing the quality of signal transmis- 
of signal in a second frequency spectrum over a first pair of 10 sion. 

wires; a second transmission/receiving system, located at a other objects and attainments together with a fuller 
second location, that receives and sends the first and second understanding of the invention will become apparent and 
types of signals over a second pair of wires; and a repeater appreciated by referring to the following description and 
unit, coupled between the first and second pairs of wires, for claims taken in conjunction with the accompanying draw- 
receiving a second type of signal from the first transmission/ 15 mgs> 
receiving system via the first pair and providing a repeated 

second type of signal to the second transmission/receiving BRIEF DESCRIPTION OF THE DRAWINGS 

system via the second pair, the repeater unit also receiving . 

a second type of signal from the second transmission/ . In lhe drawing? wherein like reference symbols refer to 

receiving system via the second pair and providing a 2 o partS: 

repeated second type of signal to the first transmission/ FIG. 1 shows a conventional way of implementing ADSL 

receiving system via the first pair; wherein the first over a P air system; 

transmission/receiving system provides DC power to the FIG. 2 illustrates a functional block diagram of one 

repeater unit via the first pair. In one example, the first type embodiment of the present invention; 

of signal is a digital subscriber line (DSL) signal and the 25 FIG. 3 illustrates a functional block diagram of an ADSL 

second type of signal is an asymmetrical DSL (ADSL) repeater of the embodiment in FIG. 2; 

signal. The first transmission/receiving system includes a FIG. 4 shows a functional block diagram of an alternative 

Ce w^°t SyStCm UaVing ? Pa * gai ? CeDtral 0HlCe termi_ embodiment of the present invention; and 
nal (COT) that converts analog signals into a DSL signal. 

Also, the second transmission/receiving system includes a 30 FIG " 5 lllustrates a functional block diagram of an ADSL 

customer premises system having a pair gain remote termi- re P eater of ih * altematlve embodiment in FIG. 4. 

nal (RT> that converts a DSL signal into analog signal DETAILED DESCRIPTION OF THE 

Furthermore, the COT provides the DC power to the pupffrrph PMRnnriuPNn\ 

repeater unit via the first pair of wires. The repeater unit may PREFERRED EMBODIMENTS 

also regenerate the DC power to a higher voltage level and 35 FIG. 2 shows a functional block diagram of one embodi- 

provide regenerated (voltage-boosted) power to the RT over rnent of the present invention. In this embodiment, ADSL 

the second pair of wires, signals are transmitted together with basic rate ISDN 

In this embodiment of the invention, the repeater unit (ISDN-BA) signals, which is equivalent to the technology of 

comprises an ADSL repeater including a power supply 2B1Q at 160 kbps, such as used by 2N1 Miniplex®, 

circuit, the ADSL repeater receiving an ADSL signal and 40 commercially available from Raychem Corporation, Menlo 

providing a corresponding repeated ADSL signal; a first low P ar ^, Calif. Typically, in the this embodiment the bit rate of 

pass filter, coupled between the first and second pairs of ADSL signal transmission is reduced by 10% compared to 

wires, for allowing onlyJ3SL and DC signals to pass an embodiment in which ADSL signals are transmitted over 

through; a second low-pasrflter^coupled between the first POTS. Implementation of ADSL over ISDN-BA is 

pair of wires and the iffiSL repeater,Tor allowing only a DC 45 described in more detail in European Telecommunications 

signal to pass througEto^the-power supply circuit of the Standards Institute (ESTT) specification TS 101 388 VI. 1.1 

ADSL repeater; a first high pass filter, coupled between the (1998-11), the disclosure of which is hereby incorporated by 

first pair of wires and the ADSL repeater, for allowing only reference. 

the ADSL signal to pass through; and a second high pass As illustrated in FIG. 2, a central office 10 provides ISDN 

filter, coupled between the ^DSL-repeater and the second 50 and ADSL services to a customer premises 20 via a repeater 

pair of wires, for allowing only- the ADSL signal to pass unit 50, which includes low pass filters 52 and 54, high pass 

through. filters 56 and 58, and an ADSL repeater 60. Except for the 

According to an alternative embodiment of the invention, pair gain system which includes a COT 15 and a RT 35, the 

the repeater unit comprises an ADSL repeater including a functional blocks shown in central office 10 and customer 

power supply and regeneration circuit that regenerates DC 55 premises 20 represent the same conventional components as 

signals to predetermined higher voltage values, the ADSL those described above in connection with FIG. 1. Therefore, 

repeater receiving an ADSL signal and providing a corre- for simplicity the description of these components is omit- 

sponding repeated ADSL signal; a band pass filter, coupled ted. COT 15 and RT 35 are also conventional ones, except 

between the first and second pairs of wires, for allowing only that COT 15 uses a higher powering voltage and delivers 

a DSL signal to pass through; a first low pass filter, coupled 60 more current and RT 35 receives a fraction of the current 

between the first pair of wires and the ADSL repeater, for delivered from COT 15. The power calculations for COT 15 

allowing only a DC signal to pass through to the power and RT 35 will be described later. 

supply and regeneration circuit of the ADSL repeater; a In ADSL repeater unit 50 shown in FIG. 2, low pass filter 

second low pass filter coupled between the power supply 52 preferably has a cutoff frequency of 100 kHz and is 

and regeneration circuit of the ADSL repeater and the 65 bi-directional. Low pass filter 52 is connected between 

second pair of wires for allowing only a DC signal to pass central office 10 and customer premises 20 for filtering 

through; signals received over segments 21 and 23 of the twisted pair. 
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There are three signals on the twisted pair: the DC power 
feeding current with a frequency spectrum of 0 to 10 Hz, the 
pair gain DSL 2B1Q signal with a frequency spectrum of 1 
to 80 kHz, and the ADSL signal with a frequency spectrum 
of 120 to 1000 kHz. Low pass filter 52 allows the DC current 
and the DSL signal to pass through, but blocks the ADSL 
signal. Low pass filter 52 needs to be bi-directional because 
the DSL signal is full duplex and the repeated downstream 
ADSL signal should not go back towards CO exchange 12. 

Low pass filter 54 of repeater unit 50 preferably has a 
cutoff frequency of 100 Hz. It is connected between central 
office 10 and ADSL repeater 60 for filtering the signals 
received from segment 21 of the twisted pair and provides 
a high impedance for the DSL and ADSL signals. Low pass 
filter 54 allows only the DC current to pass through to the 
power supply circuit of ADSL repeater 60. This allows 
central office 10 to remotely provide DC power to repeater 
unit 50. In FIG. 2, low pass filter 54 is preferably a 
uni-directional filter. 

High pass filter 56 of repeater unit 50 preferably has a 
cutoff frequency of 100 kHz and is connected between 
central office 10 and ADSL repeater 60. High pass filter 56 
blocks the DC current and the DSL signal and allows the 
ADSL signal to pass through to ADSL repeater 60. High 
pass filter 58 of repeater unit 50 preferably has a cutoff 
frequency of 100 kHz and is connected between ADSL 
repeater 60 and customer premises 20. High pass filter 58 
allows the repeated ADSL signal from ADSL repeater 60 to 
pass through to customer premises 20. High pass filter 58 
also fitters signals received from customer premises 20 and 
allows only the ADSL signal to pass through to ADSL 
repeater 60. In FIG. 2, high pass filters 56 and 58 are 
preferably bi-directional filters. 

In FIG. 2, ADSL repeater 60 receives the downstream 
signal from high pass filter 56 and remodulates it for 
transmission towards the subscriber at customer premises 
20. The subscriber at customer premises 20 would not 
recognize any difference from a standard ADSL over pair 
gain system. ADSL repeater 60 also receives the upstream 
signal from high pass filter 58 and remodulates it for 
transmission towards central office 10. 

FIG. 3 shows a functional block diagram of ADSL 
repeater 60, which includes ADSL transceivers 62 and 64, a 
repeater power supply 66 and a controller 68. ADSL trans- 
ceivers 62 and 64 are conventional devices. An example of 
such transceiver is CopperGold MC 145650 commercially 
available from Motorola, or TNETD 3000C commercially 
available from Texas Instruments. ADSL transceiver 62 
receives ADSL signals from high pass filter 56, amplifies the 
received ADSL signals, and then sends the amplified ADSL 
signals to ADSL transceiver 64 for forwarding to high pass 
filter 58. Similarly, ADSL transceiver 64 receives ADSL 
signals from high pass filter 58, amplifies the ADSL signals, 
and then sends the amplified ADSL signals to ADSL trans- 
ceiver 62 for forwarding to high pass filter 56. Low pass 
filter 54 provides DC signals to repeater power supply 66 for 
powering ADSL repeater 60. Controller 68 controls the 
operations of ADSL transceivers 62 and 64. 

FIG. 4 shows an alternative embodiment of the present 
invention. For simplicity, description of the elements with 
the same reference symbols as those previously described is 
omitted. In this embodiment, the DSL signals received by 
repeater unit 70 pass through a bi-directional band pass filter 
72 having a frequency spectrum preferably between 100 Hz 
and 100 kHz. Band pass filter 72 blocks the DC signals. The 
DC power feeding current supplied from central office 10 
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passes through low pass filter 54 to power ADSL repeater 
80. A power supply and regeneration circuit 86 in ADSL 
repeater 80 will regenerate the feeding voltage to a prede- 
termined higher value for sending, via a low pass filter 74, 
5 to customer premises to power RT 35. Like low pass filter 
54, low pass filter 74 has a cutoff frequency of approxi- 
mately 100 Hz. This embodiment allows signals to be 
transmitted over longer distances. 

FIG. 5 shows a functional block diagram of ADSL 
1° repeater 80, which, except for power supply and regenera- 
tion circuit 86, is similar to ADSL repeater 60 shown in FIG. 
3. Therefore, detailed description of FIG, 5 is omitted, 
j The systems in FIGS. 2 and 4 each are shown for^^SL 
/combined with a 2:1 pair gain system, i.e., 2 lines multi- 
15 / |plexed over one pair. For example, one can use a Miniplex® 
/ ;2N1 pair gain system commercially available from Raychem 
; Corporation, Menlo Park, Calif. It is also possible to use a t 
: pair gain system with more than 2:1, e.g., a 4:1 pair gain? 
_ system — 4 lines multiplexed over one pair, such as a Mini^ 
20 - plex® 4N1 pair gain system, which is also commercially 
y available from Raychem Corporation. A 4:1 pair gain system 
uses more bandwidth, but the same principles apply. For an 
. ADSL over a 4:1 pair gain system, the bit rate may be about 
20% lower than for the full-rate of an ADSL over POTS. 
25 This is not so critical when the ADSL repeater unit of the 
present invention is used. If the full rate can achieve 6 Mips 
over a loop length of 10,000 ft, then an ADSL over 4:1 pair 
gain system should be able to reach a speed of 5 Mbps. With 
the aid of an ADSL repeater unit of the present invention, a 
30 speed-of 5; Mbps over a loop length of 20,000 ft can be 
.achieved. - ",' v 

The power calculations for the pair gain system in FIG. 2 
are now described. The known and unknown values in the 
35 calculations are listed below: 
The known values are: 

Prt: power consumption of the Miniplex® RT, 
Prep: power consumption of the ADSL repeater, 
Rf: resistance of the feeder part of the loop, 
Rd: resistance of the distribution part of the loop, and 
Vic: powering voltage at the line card of the pair gain 
COT. 

The unknown values are: 
45 Vrt: voltage at the RT, 

Irt: current drawn by the RT, 

Vrep: voltage at the repeater, 

Irep: current drawn by the repeater, and 
50 lie: current to be delivered by the Miniplex® COT 

The following equations are used for power calculations 
for the pair gain system in FIG. 2. 



Prt-Vrt*[rt (1) 

Vrep-Vrt+Rd*Irt (2) 

Prep-Vrep*Irep (3) 

Vlc~Vrep+Rf*IIc (4) 

JTc~Irep+Irt (5) 
From (1) and (3): 

Irt^PHjVrt (6) 

Irep=PreptVrep (7) 



By substituting equations (6) and (7) in equations (2) an (3), 
the following are derived: 
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Vn-Vrep-Rd*{Prt(Vrt) 
Vn;p=Vic-Rr({PreplVrrp)+(Prl/Vrt)) 



(8) 
(9) 



It is easy to solve (8) and (9) together iteratively by using, 
e.g., a spreadsheet, such as Microsoft Excel®. 

The following examples illustrate the power calculations 
for two different systems: ADSL over 2:1 pair gain system 
and ADSL over 4:1 pair gain system. In the calculations of 
the these examples, it is assumed that Miniplex® 2N1 and 
Miniplex® 4N1 pair gain systems are used. Furthermore, the 
following assumptions are made: 

power consumption of an ADSL repeater unit=6 W, 
power consumption of Miniplex® 2N1 RT=4 W, 
power consumption of Miniplex® 4N1 RT«6 W. 
Also, all the powering voltages and currents remain within 
the GR-1089 A3 limits, as provided by Bellcore, "Electro- 
magnetic Compatibility and Electrical Safety — Generic Cri- 
teria for Network Telecommunications Equipment," Issue 2, 
December 1997. The results of the calculations are shown in 
Table 1. 

TABLE 1 

Comparison of various parameters in power calculations for different 





ADSL over 
Miniplex ® 2N1 pair 
gain system with 
ADSL repeater unit 


ADSL over 
Miniplex ® 4N1 pair 
gain system with 
ADSL repeater unit 


Piep 


6 W 


6 W 


Pit 


4 W 


6 W 


Rf 


800 Ohm 


800 Ohm 




(resistance for a 


(resistance for a 




length of ± 10 kft) 


length of ± 10 kft) 


Rd 


600 Ohm 


400 Ohm 


Vic 


200 V 


250 V 


Vrcp 


138 V 


200 V 


Vrt 


118 V 


188 V 


Irt 


34.0 mA 


32 mA 


Ircp 


43.4 mA 


30 mA 


lie 


77.4 mA 


62 mA 



The power calculations for the pair gain system in FIG. 4 are 
next described. 

The known values are: 

Prt: power consumption of the Miniplex® RT, 
Prep: power consumption of the ADSL repeater, 
Rf: resistance of the feeder part of the loop, 
Rd: resistance of the distribution part of the loop, and 
Vic: powering voltage at the line card of the pair gain 
COT. 

Vrepout powering voltage at the output of the repeater 
Eff__rep efficiency of the voltage boosting circuit in the 

repeater 
The unknown values are: 
Vrt: voltage at the RT, 
Irt: current drawn by the RT, 

Prepout power delivered from the repeater to the Mini- 
plex® RT 
Virep: input voltage at the repeater, 
lie: current to be delivered by the Miniplex COT. 
The following equations are used for power calculations 
for the pair gain system in FIG. 4. 



Prt=Vrt*frt 
Vrcpout**Vrt+Rd*Irt 



(10) 



10 



25 



30 



50 



55 



60 



65 



8 



Prepout=Vrepout*Irt 
Prep+(Prepout/Eff_n;p)~Vrep *flc 
Vlc-Vrtp+Rf*nc 

From (10) and (11): 

Irt-Prtl(Vrepout-Rd*Irt) 



(12) 
(13) 
(14) 

(15) 



This can be readily solved for Irt. Substituting the value of 
Irt in (12) provides the value for Prepout. 
Combining (13) and (14) gives: 



IIc*(yic-Rf*fIc)=Pn:p+(PrepouttEff_jrep) 



(16) 



35 



This can be readily solved for lie. Substituting the value of 
lie in (13) or (14) allows one to calculate the value of Vrep. 

The following examples illustrate the power calculations 
for two different systems: ADSL over 2: 1 pair gain system 
and ADSL over 4:1 pair gain system. In the calculations of 
the these examples, it is assumed that Miniplex® 2N1 and 
Miniplex® 4N1 pair gain systems are used. Furthermore, the 
following assumptions are made: 
power consumption of an ADSL repeater unit=6 W, 
power consumption of Miniplex® 2N1 RT=4 W, 
power consumption of Miniplex® 4N1 RT-6 W. 
Also, all the powering voltages and currents remain within 
the GR-1089 A3 limits, as provided by Bellcore, "Electro- 
magnetic Compatibility and Electrical Safety — Generic Cri- 
teria for Network Telecommunications Equipment," Issue 2, 
December 1997. The results of the calculations are shown in 
Table 2. 

TABLE 2 

Comparison of various parameters in power calculations for different 





ADSL over 
Miniplex ® 2N1 pair 
gain system with 
ADSL repeater unit 


ADSL over 
Miniplex ® 4N1 pair 
gain system with 
ADSL repeater unit 


Prep 


6 W 


6 W 


Prt 


4 W 


6 W 


Rf 


800 Ohm 


800 Ohm 




(resistance for a 


(resistance for a 




length of ± 10 kft) 


length of ± 10 kft) 


Rd 


600 Ohm 


400 Ohm 


Vic 


200 V 


250 V 


Vrepout 


200 V 


250 V 


EfLrep 


0.80 


0.80 


Vrep 


142 V 


201 V 


Vrt 


187 V 


240 V 


Irt 


21.4 mA 


25.0 mA 


lie 


72.3 mA 


60,8 mA 



While the invention has been described in conjunction 
with several specific embodiments, it is evident to those 
skilled in the art that many further alternatives, modifica- 
tions and variations will be apparent in light of the foregoing 
description. For example, the invention could also be used in 
VDSL (Very-high-bit rate DSL) applications. Thus, the 
invention described herein is intended to embrace all such 
alternatives, modifications, applications and variations as 
may fall within the spirit and scope of the appended claims. 

What is claimed is: 

1. A telecommunications system including a twisted wire 
pair extending from a central office location to a subscriber 
premises location, the system comprising: 

a digital subscriber line (DSL) transmission/receiving 
system connected to the twisted wire pair and having a 
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pair gain centra] office terminal (COT) located at the 
central office location, that converts a first plurality of 
analog telecommunications signals into a DSL signal 
and supplies the DSL signal and operating power over 
the twisted wire pair and having a pair gain remote 5 
terminal (RT) at the subscriber premises location that 
obtains the DSL signal and operating power from the 
twisted wire pair and converts the DSL signal into the 
first plurality of analog telecommunications signals; 

an asymmetrical digital subscriber line (ADSL) io 
transmission/receiving system connected to the twisted 
wire pair and having an ADSL access multiplexer 
located at the central office location, that bidirectionally 
translates central office broadband data into central 
office ADSL signals and subscriber ADSL signals into 15 
subscriber broadband data, and having an ADSL 
modem at the subscriber premises location that bidi- 
rectionally translates subscriber broadband data into 
subscriber ADSL signals and central office ADSL sig- 
nals into central office broadband data; and 20 

an ADSL repeater unit, coupled to the twisted wire pair, 
for selectively receiving and bidirectionally repeating 
the ADSL signals via the twisted wire pair, said ADSL 
repeater unit also receiving operating power from the 
DSL COT via the twisted wire pair; 

wherein said ADSL repeater unit extends the useful length 
of the twisted wire pair for carrying the ADSL signals. 

2. The telecommunications system set forth in claim 1 
wherein the ADSL repeater unit includes a repeater power 
supply connected to the twisted wire pair for regenerating 
COT supplied operating power to a predetermined higher 
voltage value and for supplying the regenerated operating 
power over the twisted wire pair to operate the DSL RT. 

3. The system of claim 1 wherein: 

said central office location further includes a first splitter 
that receives a DSL signal from the COT and an ADSL 
signal from the ADSL access multiplexer, and provides 
a combined DSL signal to said customer premises 
location, and an ADSL signal to said ADSL repeater 4Q 
unit, via the twisted wire pair; and 

the first splitter also receives combined a DSL signal and 
a repeated ADSL signal via the twisted wire pair, 
separates the DSL signal from the repeated ADSL 
signal, provides the DSL signal to the COT, and pro- 45 
vides the repeated ADSL signal to the ADSL access 
multiplexer. 

4. The system of claim 3 wherein: 

said customer premise system further includes a second 
splitter that receives combined a DSL signal, and a 50 
repeated ADSL signal from said repeater unit, via the 
twisted wire pair, separates the DSL signal from the 
repeated ADSL signal, provides the DSL signal to the 
RT, and provides the repeated ADSL signal to the 
ADSL modem; and 55 

the second splitter also receives a DSL signal from the RT 
and an ADSL signal from the ADSL modem and 
provides a combined DSL signal to the COT and an 
ADSL signal to said repeater unit via the twisted wire 
pair. 60 

5. The system of claim 1 wherein the twisted wire pair 
comprises a first segment between said central office loca- 
tion and said ADSL repeater, and a second segment between 
said ADSL repeater and said subscriber premises location, 
and said ADSL repeater unit comprises: 55 

a power supply circuit for drawing repeater operating 
power from the COT via the first segment, 



a first low pass filter, coupled between the first and second 
segments, for allowing only DSL type signals and DC 
power signals to pass through; 

a second low pass filter, coupled between the first segment 
and the ADSL repeater unit, for allowing only the DC 
power signal to pass through to the repeater power 
supply; 

a first high pass filter, coupled between the first segment 

and the ADSL repeater, for allowing only the ADSL 

signal to pass through; and 
a second high pass filter, coupled between the ADSL 

repeater and the second segment, for allowing only the 

ADSL signal to pass through. 

6. The system of claim 5 wherein the ADSL repeater 
receives a downstream ADSL signal from said central office 
location and remodulates it to provide a corresponding 
repeated ADSL signal to said customer premises location, 
the ADSL repeater also receiving an upstream ADSL type 
signal from the customer premises location and remodulat- 
ing it to provide a corresponding repeated ADSL type signal 
to said central office location. 

7. The system of claim 5 wherein: 

the first low pass filter has a cutoff frequency of approxi- 
mately 100 kHz; 

the second low pass filter has a cutoff frequency of 
approximately 100 Hz; and 

the first and second high pass filters each have a cutoff 
frequency of approximately 100 kHz. 

8. The system of claim 1 wherein the twisted wire pair 
comprises a first segment between said central office loca- 
tion and said ADSL repeater, and a second segment between 
said ADSL repeater and said subscriber premises location, 
and the ADSL repeater unit comprises: 

a power supply and regeneration circuit that regenerates 
DC signals to predetermined higher values, 

a band pass filter, coupled between the first and second 
segments, for allowing only a DSL signal to pass 
through; 

a first low pass filter, coupled between the first segment 
and the ADSL repeater, for allowing only DC power to 
pass through to the repeater power supply and regen- 
eration circuit; 

a second low pass filter, coupled between the repeater 
power supply and the second segment for allowing only 
a regenerated DC power signal to pass through; 

a first high pass filter, coupled between the first segment 
and the ADSL repeater, for allowing only the ADSL 
signal to pass through; and 

a second high pass filter, coupled between the ADSL 
repeater and the second segment, for allowing only the 
ADSL signal to pass through. 

9. The system of claim 8 wherein the ADSL repeater 
receives a downstream ADSL signal from said central office 
system and remodulates it to provide a corresponding 
repeated ADSL signal to said customer premises location, 
the ADSL repeater also receiving an upstream ADSL signal 
from the customer premises location and remodulating it to 
provide a corresponding repeated ADSL signal to said - 
central office location. 

10. The system of claim 8 wherein: 

the band pass filter has a frequency band between 

approximately 100 Hz to 100 kHz; 
the first and second low pass filter each have a cutoff 

frequency of approximately 100 Hz; and 
the first acid second high pass filters each have a cutoff 

frequency of 100 kHz. 
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11. A method for extending bandwidth and useful service 
distance of a twisted wire pair telecommunications service 
loop between a central office location and a subscriber 
premises location, comprising the steps of: 

(a) providing and receiving digital subscriber line (DSL) 
signals and providing DSL remote terminal operating 
power with a DSL central office terminal (COT) at the 
central office location; and providing and receiving 
DSL signals and drawing operating power with a DSL 
remote terminal (RT) at the subscriber premises 
location, using the twisted wire pair; 

(b) providing and receiving asymmetric DSL (ADSL) 
signals with a central office ADSL transmission/ 
receiving unit at the central office location; and pro- 
viding and receiving ADSL signals at an ADSL remote 
unit at the subscriber premises location, using the 
twisted wire pair; 

(c) providing repeated ADSL signals within the telecom- 
munications service loop with an ADSL repeater unit 
connected to the twisted wire pair at a location inter- 
mediately between the central office location and sub- 
scriber premises location; and 

(d) providing operating power to the ADSL repeater unit 
from the DSL COT via the twisted wire pair. 

12. The method of claim 11 wherein step (c) includes 
further steps of: 

providing a power supply circuit within the ADSL 
repeater unit, 

receiving an ADSL signal and providing a corresponding 

repeated ADSL with the ADSL repeater unit; 
passing only DSL signals and operating power through a 

first low pass filter within the ADSL repeater unit, 

coupled to the twisted wire pair; 
passing only operating power through a second low pass 

filter, coupled between the twisted wire pair and the 

repeater power supply circuit; 
passing only ADSL signals through a first high pass filter, 

coupled between the twisted wire pair and the ADSL 

repeater unit; and 
passing only ADSL signals through a second high pass 

filter coupled between the ADSL repeater and the 

twisted wire pair. 

13. The method of claim 12 wherein step (c) includes: 
receiving and remodulating a downstream ADSL signal 

from the central office ADSL transmitting/receiving 
unit to provide a corresponding repeated ADSL signal 
to the ADSL remote unit at the subscriber premises 
location, using the ADSL repeater and the twisted wire 
pair, and 

receiving and remodulating an upstream ADSL signal 
from the ADSL remote unit at the subscriber premises 
location to provide a corresponding repeated ADSL 
type signal to the central office ADSL transmitting/ 
receiving unit, using the ADSL repeater and the twisted 
wire pair. 

14. The method of claim 12 wherein: 

the first low pass filter has a cutoff frequency of 100 kHz; 
the second low pass filter has a cutoff frequency of 100 
Hz; and 

the first and second high pass filters each have a cutoff 
frequency of 100 kHz. 

15. The method of claim 11 wherein step (c) includes 
steps of: 

providing a power supply and regeneration circuit that 
regenerates COT supplied operating power to prede- 
termined higher voltage values; 
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receiving an ADSL signal and providing a corresponding 
repeated ADSL signal; 

passing only DSL type signals through a band pass filter 
coupled to the twisted wire pair; 

passing only operating power through a first low pass 
filter, coupled between the twisted wire pair and the 
ADSL repeater unit power supply such that only oper- 
ating power passes through to the power supply and 
regeneration circuit of the ADSL repeater, 

passing only regenerated operating power through a sec- 
ond low pass filter coupled between the repeater power 
supply and the twisted wire pair; 

passing only ADSL signals through a first high pass filter 
coupled between a first segment of the twisted wire pair 
leading to the central office ADSL unit and the ADSL 
repeater unit; and 

passing only ADSL signals through a second high pass 
filter coupled between the ADSL repeater unit and a 
second segment of the twisted wire pair leading to the 
subscriber premises ADSL unit. 

16. The method of claim 15 wherein step (c) includes 
steps of; 

receiving and remodulating a downstream ADSL signal 
from the central office ADSL transmission/receiving 
unit to provide a corresponding repeated ADSL signal 
to the ADSL remote unit at the subscriber premises 
location using the ADSL repeater and the second seg- 
ment; and, 

receiving and remodulating an upstream ADSL signal 
from the ADSL remote unit at the subscriber premises 
location and remodulating it to provide a corresponding 
repeated ADSL signal to the central office ADSL 
transmission/receiving unit, using the ADSL repeater 
unit and the first segment. 

17. The method of claim 15 wherein: 

the band pass filter has a frequency band between 

approximately 100 Hz to 100 kHz; 
the first and second low pass filter each have a cutoff 

frequency of approximately 100 Hz; and 
the first and second high pass filters each have a cutoff 

frequency of 100 kHz. 

18. The method of claim 11 comprising the further step of 
regenerating COT supplied operating power to a predeter- 
mined higher voltage value with a power supply of the 
ADSL repeater unit and supplying regenerated operating 
power over the twisted wire pair to operate the DSL RT. 

19. An asynchronous digital subscriber line (ASDL) ser- 
vice repeater unit for extending bandwidth and useful ser- 
vice distance of a twisted wire pair telecommunications 
service loop extending from a central office location to a 
subscriber premises location, the central office location 
including a first telecommunications system comprising a 
pair gain digital subscriber line (DSL) central office terminal 
(COT) for supplying DSL signals and operating power over 
the service loop and a DSL remote terminal (RT) connected 
to receive DSL signals and operating power at the subscriber 
premises location, and a second telecommunications system 
comprising a central office asynchronous DSL (ADSL) unit 
at the central office location for supplying ASDL signals 
over the service loop and a subscriber premises ADSL unit 
at the subscriber premises location for receiving ADSL 
signals via the service loop; the ADSL service repeater unit 
being connected to the service loop intermediately of the 
central office location and the subscriber premises location 
and including: 
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signal filtering means for passing the DSL signals without 
modification, and for separating the operating power 
and the ADSL signals, 

a pair of ADSL transceivers for respectively repeating 
ADSL signals from the central office ADSL unit to the 5 
subscriber premises ADSL unit and from the subscriber 
premises ADSL unit to the central office ADSL unit, 
and 

a repeater power supply for providing operating power for 
operating the pair of ADSL transceivers, and for regen- 
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erating the operating power to a predetermined higher 
voltage level and sending the regenerated operating 
power over the service loop to provide regenerated 
operating power for operating the DSL RT. 
20. The ADSL service repeater unit set forth in claim 19 

further comprising a repeater controller connected to control 

the pair of ADSL transceivers. 

***** 
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